Brown adipose tissue in farm animals
If we were considering the biochemical processes of fat metabolism in the rat, an important site of endocrine regulation would be the brown adipose tissue, involved in non-shivering thermogenesis and 'diet-induced thermogenesis'. In contrast, brown adipose tissue does not develop in adult sheep during cold acclimation (Cox et al. 1978) . The thermogenic response to noradrenaline is also relatively small in ruminants. Non-shivering thermogenesis takes place in skeletal muscle rather than brown adipose tissue. Brown adipose tissue was detected in 2-3 month-old pigs, but not in older animals (Dauncey et al. 1981) . The consequences of the apparent lack of brown adipose tissue in adult farm animals are worthy of consideration, but for the present interest has been focused on the endocrine regulation of the processes of lipolysis, lipogenesis and net lipid deposition in white adipose tissue. In pigs and ruminant species the adipose tissue itself is the major site of de novo lipogenesis in nonlactating animals.
Vol. 42 Nutrient-hormone interactions in animal production I 3 I noradrenaline tended to be greater in the control line, while the latter injection induced a slightly greater rise in plasma non-esterified fatty acid (NEFA) concentrations in selection line boars. Two further experiments were conducted using boards fed ad lib. from weaning to slaughter at approximately 90 kg body-weight. On reachng slaughter weight, animals were fasted overnight and subjected to an intravenous injection of noradrenaline (25 pg/kg body-weight). The plasma insulin and NEFA response areas above basal were measured. In both experiments clear differences in animal performance existed between the lines, but there were no significant differences in insulin or NEFA response areas. Similar results were obtained in a third experiment comparing the Newcastle control line with boars obtained from five commercial breeders participating in the Meat and Livestock Commission's Pig Improvement Scheme. Thus it could be argued that all three lines represented a single population of Large White boars. When data from all lines were combined, the insulin response to noradrenaline was significantly correlated with carcass fat measurements, but the degree of association was relatively weak (I values in the range 0.23-0.30, n 82). Not unexpectedly basal insulin levels were not significantly correlated with carcass fat measurements. Other workers have also observed that basal hormone levels were very poor predictors of offspring's milk production in dairy bulls (Osmund et al. 1981) . We must conclude that within a single breed the relationship between insulin secretory responses and carcass fat deposition is not sufficiently strong to be of use for selection purposes.
Combined measurements of insulin and GH secretion might provide a better predictor of carcass composition than either hormone alone, in view of the lipolytic and protein anabolic actions of GH in pigs (Anderson et al. 1981) . Selection of other lines of pigs for high backfat thickness has led to a reduction in GH levels (Lund-Larsen & Bakke, 1975; Althen & Gerrits, 1976) . It should be noted that no significant relationships existed in our studies between plasma NEFA responses to noradrenaline injection and carcass fat measurements. In animals selected and reared under an ad lib. feeding regimen starvation-induced net lipolysis is unlikely to occur, so that differences in rates of fat mobilization will not determine differences in body fat deposition (Gregory et al. 1980) . Direct measurements of rates of lipogenesis and unstimulated lipolysis in biopsy samples taken from obese and lean lines of pigs fed ad lib. support this hypothesis (Scott et al. 1981 ).
Lipogenic enzyme activities in ad2pose tissue
While subtle differences in the endocrine environment, perhaps at the receptor or post-receptor levels, may ultimately determine the capacity of an individual animal to deposit fat, a better prediction of fatness, of use in a breeding programme, may be achieved by measurement of the activities of enzymes participating directly in the lipogenic process. The specific activities of ATP-citrate lyase, malate dehydrogenase (NADP+), glucose 6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase in subcutaneous adipose 1980, 1982) . Feeding level and line influenced the specific activities of the enzymes measured, the former having the greater effect. The combined specific activities of the four NADP-linked enzymes in the inner layer of backfat was relatively strongly correlated with carcass fat measurements, both within a line and for the two lines combined ( r values up to 0.7-0.8, n 53 per line). The sum of the activities of the same NADP-linked dehydrogenases has been used as a selection index in a study using German Landrace pigs (Rogdakis, 1979) . A highly significant differentiation in both enzyme levels and backfat thickness was obtained after only three generations when animals were selected solely on the basis of high or low enzyme activity.
Receptor and post-receptor events The process of lipolysis appears to be broadly similar in farm animals and rats, with the key enzyme being hormone-sensitive lipase. Lipolysis is sensitive to the same array of stimuli-the sympathetic nervous system, catecholamines, GH and glucagon, with insulin generally accepted as an antilipolytic hormone. Recent research has considerably increased our understanding of the actions of insulin on the adipocyte. The total number of insulin receptors present on the plasma membrane depends on the relative rates of receptor synthesis and degradation. An intracellular pool of receptors may exist, receptors recycling back to the plasma membrane (Lane, 1981 ). An inverse relationship between ambient insulin concentrations and the cell surface insulin receptor level has been described in several tissues and cell types, including ruminant hepatocytes (Gill & Hart, I 98 I), described as insulin-induced 'down-regulation' of plasma membrane insulin receptors. Lane (1981) suggests that down regulation occurs by insulin-induced internalization of the receptors, without altering the rates of receptor synthesis or degadation. A somewhat analogous mechanism has been proposed to explain the action of insulin in stimulating glucose transport across the plasma membrane, by stimulating the translocation of glucose transport units from an intracellular pool Denton et al. (1981) to explain the mechanism of insulin action on enzyme activities within the adipocyte. Insulin binding to its receptor may increase the activity of a protein kinase, distinct from the better known cyclic AMPdependent protein kinase. The insulin-stimulated kinase may phosphorylate a number of proteins, including acetyl-CoA carboxylase, resulting in increased rates of de novo lipogenesis and protein synthesis and a decreased rate of lipolysis.
The above hypotheses are still very tentative and their applicability to farm animals is unknown. The limited studies which have been performed suggest that the properties of insulin receptors in adipose tissue of the pig (Etherton 8z Walker, 1982) and the sheep (Vernon et al. 1981) and in ruminant hepatocytes (Gill 8z Hart, 1981) are not greatly different from those of analogous receptors in the rat and man. Compared with rats, adipocytes from ruminants and pigs appear to be less responsive to insulin in vitro in terms of the maximal response to the hormone, although the concentration of insulin producing a half maximal effect is in the physiological range of 50-100 p U / d (Vernon, 1980) . Differences in responses between farm animals and rats may partly reflect technical difficulties in working with the relatively fragile adipocytes of domestic livestock, so that many studies have been carried out using tissue slices rather than isolated adipocytes. It can be argued that the unusual species is the rat, particularly the young animal, whose adipocytes are especially responsive to insulin (Etherton, 1982) .
In the case of ruminants a lower response to insulin may be related to the different biochemical pathway of lipogenesis in these species. Although glucose and L-lactate can serve as carbon sources for de novo lipogenesis, acetate is the major carbon source, glucose serving as a source of glycerol yphosphate and of reduced NADPH via the pentose phosphate pathway. The limited use of glucose as a carbon source was previously ascribed to the low activities of ATP-citrate lyase and malate dehydrogenase (NADP+) in ruminant adipose tissue (Bauman, 1976) , but doubt has been cast on the rate-limiting role of these enzymes by the ability of L-lactate to serve as a carbon precursor (Prior 8z Jacobson, 1979) . While L-lactate may not represent a major carbon source in adult ruminants (Robertson et al. 1981) , the preferential use of L-lactate compared with glucose may mean that the ATP-citrate lyase and malate dehydrogenase (NADP+) pathway is operative in ruminant adipose tissue, perhaps even being involved in lipogenesis from acetate as well as from L-lactate as a carbon source (Prior et al. 1981) . Glucose use may be limited by a restricted flux through the phosphofructokinase reaction (Yang et al. 1982) .
A recent review argued provocatively that glucose is a more powerful stimulus than insulin for lipogenesis in ruminants (Prior 8z , the major effect of insulin being to increase adipocyte glucose uptake and lipoprotein lipase activity, the latter stimulating plasma triglyceride hydrolysis and uptake of preformed fatty acids by the adipocyte. Somewhat surprisingly, Prior 8z Smith (1982) reported that insulin was not required for stimulation of acetyl-CoA carboxylase activity on refeeding starved steers. When acetate serves as a carbon source, insulin-induced , 1982) or when animals are refed after a period of dietary restriction. It is not known whether such changes are related to changes in the response of the adipocytes to insulin. Information about the mechanisms responsible for changes in hormone effectiveness in such situations can be provided from the shape of the hormonebiological function dose-response curve (Fig. I) . In a system with spare hormone receptors, moderate changes in the number or affinity of the receptors would cause a shift in the hormone dose-response curve, without altering the maximal response to the hormone. Such changes have been defined as changes in sensitivity (Kahn, 1980) . Changes in post-receptor steps in the pathway of hormone action will in certain circumstances result in an altered maximal effect of the hormone, with an unchanged hormone concentration required to produce a half-maximal response (ED,,) . This type of shift has been described as a change in hormone responsiveness (Kahn, I 980) . Combined changes in sensitivity and responsiveness may also occur.
This approach has recently been applied in conjunction with the euglycaemic insulin clamp procedure to study changes in insulin action in vivo in adult sheep subjected to chronic cold exposure 
